Blood coagulation studies were performed on 60 Hanover domestic pigs ready for slaughter and a total of 84 Goettingen minipigs. A tendency to hypercoagulability was found in these pigs, expressed in a shortened PTT, r-and k·time in the thromboelastogram and a slightly reduced plasminogen and plasmin level. Many values were similar to those of man. Thrombin time was longer. This may be due more to enhanced formation of fibrin degradation products (anti-thrombin VI) than to greater amounts of endogenous heparin being released. The longer reptilase and thrombin coagulase times support this. The thrombocyte count differed only slightly. The findings suggest that the Goettingen minipig and Hanover domestic pig are suitable animals for comparative blood coagulation studies.
Blood coagulation studies in domestic pigs (Hanover breed) and minipigs (Goettingen breed)
H
Summary
Blood coagulation studies were performed on 60 Hanover domestic pigs ready for slaughter and a total of 84 Goettingen minipigs. A tendency to hypercoagulability was found in these pigs, expressed in a shortened PTT, r-and k·time in the thromboelastogram and a slightly reduced plasminogen and plasmin level. Many values were similar to those of man. Thrombin time was longer. This may be due more to enhanced formation of fibrin degradation products (anti-thrombin VI) than to greater amounts of endogenous heparin being released. The longer reptilase and thrombin coagulase times support this. The thrombocyte count differed only slightly. The findings suggest that the Goettingen minipig and Hanover domestic pig are suitable animals for comparative blood coagulation studies.
In recent years pigs have become increasingly important for studies involving animal experiments (Glodek & Oldigs, 1981; Hasenbein, 1979; Kaethner, 1981; Marshall, Lydtin, Krawietz, Hagen & Schuckert, 1972; Saxena, Tayal, Kapoor, Gupta, Srivastava & Prasad, 1981) . This is because they are relatively easy to keep, reach maturity relatively quickly and are big enough for catheterization and intubation to be undertaken. Moreover, adequate blood samples can be taken for laboratory tests. There are already specially selected breeds available for experimental purposes, the most suitable being dwarf breeds. We have found the Goettingen minipig to be very suitable (Glodek & Oldigs, 1981; Marshall, Lydtin, Krawietz, Hagen & Schuckert, 1972; Schmidt, Ebert, Stellpflug & Beller, 1980) and have already performed a number of investigations on the problem of shock lung (acute respiratory insufficiency in adults) (Hasenbein, 1979; Kaethner, 1981) and atherosclerosis.
The intensive fattening of domestic pigs on farms produces a rather high cardiac death rate, perhaps due in some cases to coronary thrombosis. The slaughterhouse in Goettingen recorded during the last 3 years a loss of 440 pigs from a total entry of 245,230 (0'17%). Significant numbers of pigs also died during tranport or on the farm.
For these reasons, we decided to undertake a detailed examination of blood coagulation in both the Hanover domestic pig and the Goettingen minipig and compare the results.
Materials & methods We were able to evaluate the blood coagulation findings from 60 Hanover domestic pigs ready for slaughter and different values of blood coagulation criteria in a total of 84 Goettingen minipigs.
Blood samples from slaughterhouse pigs were taken from freshly flowing blood immediately after sticking and in the case of Goettingen minipigs blood was taken after careful compression and puncture of an ear vein. Care was taken to mix the blood with sodium citrate 10: 1 immediately after the samples had been withdrawn. EDT A blood was used to determine the corpuscular fractions in the blood. Haemolysed blood was rejected in all cases and is not included in the evaluation.
Blood coagulation tests were carried out after centrifugation using a coagulometer according to Schnittger & Gross and a KC 10 ball coagulometer. The following coagulation analyses were performed: Rapid test using calcium thromboplastin from Behring, thrombin time (reagent from Hoffmann-La Roche), partial thromboplastin time (PTT) using PTT reagent from Behring, fibrinogen according to Clauss, reagent from Immuno, heat coagulation according to Schulz using Nissel tubes, reptilase time, coagulase time, single factors using reagents from Behring in Marburg (Barthels & Poliwoda, 1980; BehringWerke, 1979; Jaenecke, 1982) . The thrombocyte count (Feider, 1971 ) was determined using a Coulter counter.
Results
Data for the domestic pig are given in Table 1 . Of 60 pigs evaluated, 24 were female and 36 male. The average weight was 89 kg, but the 'females (average weight 103 kg) were significantly above the mean weight of the whole group. The extreme values of 4 female pigs included in this evaluation amounted to 201 kg. The 4 smallest animals innot present at all, or only in small traces, in the plasma of healthy animals and human beings, are included in the evaluation with 0'1 %.
The throm bocyte count for both the Goettingen minipig and the Hanover domestic pig was within the normal human range. With 298 000 thrombocytes/mm 3 , the value for the domestic pig was significantly lower than that of the Goettingen A bulge on each of the scales marks the normal range for man. The PTT in domestic pigs was significantly shorter than in the Goettingen minipigs. In domestic pigs the PTT was 14·7 s but on average 21 s in minipigs. The thrombin time was also shorter in the domestic pigs and was clearly lower than the value measured in the 84 minipigs. To enable a better comparison with results from other species the thromboplastin time was measured in seconds and also (as the actual activity of the prothrombin complex) in percent. This result shows that the coagulation values in the domestic pig were clearly higher than in the minipig.
The results of the fibrinogen analyses yielded significant differences, depending on the method used. Whereas the heat coagulation method according to Schulz yielded considerably higher results, fibrinogen values obtained according to Clauss using a throm bin solution were significantly lower (Fig. 2) . Here, too, it is apparent that the domestic pig has significantly higher values than the Goettingen minipig. The fibrin monomer complex was seen to be only marginally increased in both pig types. The fibrin monomers in pigs are only slightly above the normal range for man. The fibrin monomer complexes which are usually and that the reptilase time is also significantly lower in these minipigs. The % contents of factors II, V, VII, VIII, IX and X and also factor XIII were within the normal range found in man by the blood coagulation laboratory of our hospital. It should be pointed out that these coagulation activities were read off against a calibration curve prepared from the normal plasma of the respective animal species. The time values measured for the individual coagulation factors were Significantly different from those of human plasma used to prepared a calibration curve.
Discussion
The blood coagulation findings obtained in 60 Hanover domestic pigs and 84 Goettingen minipigs show that according to both PTT and also throm boplastin time according to Quick, the coagulation time in pigs is shorter and this reduction in time appears to be considerably more pronounced in fattened pigs than in minipigs. Thrombin time and reptilase and coagulase times were considerably longer than the normal human range. This is difficult to explain. The longer thrombin time is certainly not due to a raised heparin content but is much more likely to result from fibrin degradation products (FDP), the socalled antithrombin VI.
The individual factors determined seem to differ only very slightly in healthy pigs and Goettingen minipigs. However, activation of the partial throm boplastin time leads to shortening. Many authors consider a shortened thrombin time alone to be a significant sign of hypercoagulability.
The blood coagulation findings show that in the case of the values obtained in the Goettingen minipigs that were intentionally not fattened, the PTT is not so distinctly reduced as in fattened domestic pigs. As antithrombin III was found to be even higher in the Goettingen minipigs than the normal human range, the hypercoagulability
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[mg 'I,] Fibrinogen ( Further blood coagulation findings are tabulated in Table 2 . This shows that the thrombin coagulase time in minipigs is considerably higher than the normal values in man a2 -antiplasmin is also significantly higher than in man, whereas the other carriers of fibrinolytic activity, i.e. plasmin and plasminogen, are only slightly lower.
The Goettingen minipig appears to be ideally suited for experiments on the blood coagulation system and its inhibitors and fibrinolytic activity. However, these animals do reveal pronounced hyper-coagulability in comparison with the human range, which makes it easy to induce disseminated intravascular coagulation. 
